Osteoarthritis (OA) is a common cause of lameness in equine and a potential cause of wastage of valuable animals. Furthermore, horse is the ideal large animal model for the preclinical study of cell-based therapy in human joints. In contrast to the drug therapy, regenerative therapy promotes the body's own healing, restoring the structural architecture and biomechanical function of the injured tissue. Therefore, regenerative therapy field in veterinary medicine continues to evolve rapidly both experimentally and clinically. As the field of regenerative therapy continues to advance, equine practitioners need contemporary information regarding the choice of regenerative biologic type and recommendations regarding clinical implementation of regenerative therapies. Meanwhile, clinicians must also be aware of the limitation in the available knowledge regarding regenerative therapy and the impending regulatory laws that may limit its use in clinical joint diseases in equine. Although, preliminary data generated from clinical trials in human patients and experimental studies in equine osteoarthritis are encouraging, preliminary data have been published about very limited clinical application of regenerative therapies in horses suffering from clinical joint disease and the commercialization of these treatments may be premature. Additional studies are needed to determine the optimum conditions for harvest, culture and expansion of these biologics, appropriate dosing, optimal delivery method, short and long term safety. This review describes the three main biologics used for regenerative therapy, namely; stem cells, Platelet Rich Plasma (PRP) and Autologous Conditioned Serum (ACS) and draws together research findings from in vitro and in vivo studies to give an overview of current regenerative therapies for treatment of osteoarthritis in equine.
INTRODUCTION
Osteoarthritis (OA) is defined as a progressive and permanent destruction of articular cartilage resulting in loss of function and associated changes in the bones and soft tissues of the joint (Pool, 1996) . Several predisposing factors of OA, such as repetitive trauma (Senna et al., 2015) and synovitis from various causes, such as osteochondrosis (Mostafa et al., 2014a) and joint infection (Mostafa et al., 2014b) were reported.
Osteoarthritis is a common cause of lameness in equine resulting severe economic losses. Furthermore, horse is the ideal large animal model for the preclinical study of cell based therapy in human joints. The advantage of this animal is the size of the joints, which allows feasible surgical applications in analogy to human surgery. Moreover, the horse is the only animal model with a cartilage thickness in the knee joint comparable to that of humans. Additionally, horses Asian J. Anim. Vet. Adv., 10 (9): 500-508, 2015 develop clinical joint disease discerns this species from other large animal models. The therapy of clinical disease in animal model represents the ideal method for preclinical studies of novel therapeutic strategies (Brehm et al., 2014) .
The articular cartilage is a highly differentiated structure frequently injured and has a limited reparatory potential due to lack of organization, innervation and lymphatic vessels which result in reduced inflow of blood progenitor cells (Luyten, 2004) . Therefore, in cartilagenous injuries the formed repair tissue is mainly consisted of fibrocartilage that lacks the functional and morphological recovery of the tissue resulting in progression of osteoarthritis (Yamada et al., 2013) . Periosteal arthroplasty, perichondral arthroplasty, autologous osteochondral transplantation, autologous chondrocyte transplantation, autologous cancellous grafts and tendons autografts are frequently used to form a new chondral surface but results from animal models reveal inefficiency of these techniques (Fraser et al., 2006; Schaffler and Buchler, 2007) .
In last decade, regenerative therapy has gained momentum in veterinary medicine because it promotes the body's own healing, restoring the structural architecture and biomechanical function of the injured tissue. Moreover, small and large animal species serve as valuable models for preclinical studies of regenerative therapies in human beings and in veterinary patients (Fortier and Travis, 2011) .
In contrast to drug therapy, regenerative therapy do not rely on a single target receptor or pathway for its action. Therefore, the outcome of using the conventional methods for treatment of osteoarthritis is a newly formed weakened tissue, which does not respond to the animal's locomotor needs and is more prone to re-injury. Recently novel therapies aim to enhance healthy tissue regeneration resulting in a better performance and reduction in recurrence rates as compared with those obtained after the conventional methods of treatment.
Regenerative therapy is a broad term including the use of many biologics. In the equine field, there are currently several emerging regenerative therapies, such as stem cells (Csaki et al., 2007; Frisbie and Stewart, 2011) , Platelet Rich Plasma (PRP) (Pichereau et al., 2014; Rios et al., 2015a) , Autologous Conditioned Serum (ACS) (Fortier et al., 2010; Fortier, 2012) and Autologous Protein Solution (APS) (Bertone et al., 2014) . This review describes the current regenerative therapies for treatment of osteoarthritis in equine as follow:
STEM CELLS
In last decade, stem cells research has attracted the attention of the biomedical research community due to its therapeutic potential in several incurable diseases. In equine practice, stem cells are commonly used to treat musculoskeletal disorders including tendonitis, osteoarthritis and more recently laminitis. The literature is full of studies on experimental animal models and sporadic clinical reports in which stem cell therapy results in promising outcomes, MSCs have not reached the mainstream clinical practice. Undoubtedly, stem cells are promising for regenerative therapies that are currently studied in pre-clinical trials for osteoarthritis in equine.
Stem cells are unspecialized cells having the ability for self-renewal, extensive proliferation and differentiation into one or more cell/tissue types. The self renewal of stem cells is a unique unlimited ability to make identical copy of themselves while differentiation potential is the ability to produce tissue specific cells. These abilities rank the stem cells therapy as the most important regenerative therapeutics.
Stem cells can be classified broadly according to their source as Embryonic Stem Cells (ESC), adult or tissue specific stem cells (ADC) or induced Pluripotent Stem Cells (iPSCs). Adult stem cells are obtained from adult body organs whereas the embryonic stem cells are drawn from embryos (Amarpal et al., 2013) .
Asian J. Anim. Vet. Adv., 10 (9): 500-508, 2015 Adult Stem Cells (ASC) are found in various tissues of the body and they can be of endodermal, mesodermal and ectodermal origins giving rise to many types of stem cells. These cells include hematopoeitic stem cells, mesenchymal stem cells, neural stem cells, skin stem cells, retinal stem cells, etc (Hui et al., 2011) . The embryonic stem cells are pluripotent having the ability to generate all tissue types in mammalians (He et al., 2009) .
Therapeutic applications using adult stem cells are promising for treating joint and bone diseases (Hui et al., 2011) . Both local or systemic applications are required for stem cells delivery into the diseased animals for stem cell therapy. Mesenchymal Stem Cells (MSCs) have been commonly used in experimental, preclinical and clinical trials (Lee, 2008) . Mesenchymal stem cells have been most widely isolated from fat, bone marrow, umbilical cord, dental pulp, Warton's jelly, amniotic fluid, skeletal muscles, tendons and synovial membrane (Crisan et al., 2008; Gade et al., 2012; Pratheesh et al., 2013; Tawfik et al., 2013; Nagy et al., 2014) . In addition, recent studies documented that MSCs have the ability to differentiate into cells of ectodermal origin as neurons and endodermal origin as hepatocytes as well as producing cytokines and growth factors promoting cell expansion and differentiation (Violini et al., 2009) . The MSCs can be expanded without differentiation up to 40 generations and have the ability to differentiate into the cells of mesodermal origin as chondrocytes, osteoblasts, adipocytes, visceral stromal cells, skeletal myocytes and tenocytes (Barry and Murphy, 2004) . Moreover, MSCs may be immune-privileged cells which avoid allogenic rejection (Jung et al., 2005) . Owing to these properties, stem cell therapy has obtained enormous popularity in last decade (Guillot et al., 2007; Brennand and Cage, 2011) .
Growth factors may enhance the cartilage repair techniques through several mechanisms including, chemotaxis (recruitment of chondrogenic cells), mitogenesis (stimulation of chondrogenic cell proliferation) and enhancement of cartilage matrix synthesis. The effect of Insulin-like Growth Factor (IGF) and Platelet Derived Growth Factor (PDGF) are studied. The IGF plays an important role in cartilage homeostasis, balancing proteoglycan synthesis and breakdown. Incorporating IGF into a fibrin clot placed in an equine cartilage defect improved both quality and quantity of repair tissue and decreased synovial inflammation. The PDGF is a potent mitogenic and chemotactic factor for all cells of mesenchymal origin, including chondrocytes and mesenchymal stem cells. Combining tissue growth factors with a biological matrix can provide a physical scaffold for cell adhesion and growth as well as controls the release of these potent molecules. This could result in biological devices that enhance the predictability and quality of current cartilage repair techniques (Schmidt et al., 2006) .
Adipose Derived-Mesenchymal Stem Cells (AD-MSCs) are preferred than Bone-Marrow Mesenchymal Stem Cells (BM-MSCs) due to easy and repeatable access to subcutaneous adipose tissue, easy isolation, little pain, easy cryopreservation and approximately 500-fold greater numbers of fresh MSCs (Schaffler and Buchler, 2007) . However, the bone marrow was vastly superior to adipose tissue as a source of MSCs with osteoblastogenic potential (Ahern et al., 2011) .
In addition, the activation of AD-MSCs has been a big obstacle in this field. Laser photostimulation is a cheap and safe method for stem cells activation when compared with activation by growth factor and cytokines. In horses, adipose and BM-derived MSCs were capable of producing lipids, glycosaminoglycan and mineral.
The stem cells opened a new area for treatment of osteoarthritis in equine. The goal of using MSCs as a therapy in joint disease is to harness the regenerative nature of these cells focusing on their potential to grow new tissues to replace damaged one (Taylor et al., 2007) .
Asian J. Anim. Vet. Adv., 10 (9) : [500] [501] [502] [503] [504] [505] [506] [507] [508] 2015 There are 3 basic mechanisms explaining the reparative effect of MSCs including creation of a milieu by secreting cytokines that enhance regeneration of endogenous cells, trans-differentiation into the cells of host tissue and fusion with the host cells (Amarpal et al., 2013) .
Autologous adipose derived mesenchymal stem cells (ADMSCs) have been used to treat joint diseases in horses on a commercial basis since 2003. The ADMSCs are considered ideal stem cells for the regenerative medicinal applications. They are found in abundant quantities, harvested with a minimally invasive procedure, can be differentiated along multiple cell lineage pathways in a regulatable and reproducible manner and can be effectively and safely transplanted to either an autologous or allogenic host. Moreover, there are no moral or ethical issues in harvesting autologous adipose tissue (Black et al., 2008; Alderman and Alexander, 2011) .
Equine joint diseases have been treated with a non-expanded adipose derived autologous preparation called Stromal Vascular Fraction (SVF). This fat derived mononuclear cell fraction contains MSCs, T regulatory cells, endothelial precursor cells, macrophages and pre adipocytes. Adipose tissue derived cells such as those found in the SVF preparation do not require the 3-4 weeks to expand MSCs, or the laboratory costs and expertise needed to avoid contamination during ex vivo expansion (Ricco et al., 2012) . A greater improvement was reported in experimentally induced osteoarthritis treated with bone marrow derived mesenchymal stem cells when compared to adipose derived stromal vascular fraction (Frisbie et al., 2009) .
In vitro, equine Mesenchymal Stem Cells (eMSCs) from Bone Marrow (BM) possessed the highest osteogenic potential; eMSCs from adipose tissue also had robust osteogenic potential. The tuber coxae and the sternum were good sources of BM-eMSCs in yearlings and 60 mL of BMaspirate was sufficient for culture and expansion (Toupadakis et al., 2010) . Recently, Adams et al. (2013) reported that the first 5 mL aspirates from the sternum and ilium offer a rich source of bone marrow derived MSCs with similar growth rate properties. Additionally, expanding BM-eMSCs in Autologus Serum (AS) to avoid possible immunologic reactions decreased the total yield because BM-eMSCs grew significantly slower in AS than in fetal bovine serum (Toupadakis et al., 2010) .
Chondrogenesis was highest for MSCs obtained from ilial aspirates, although it is not known whether chondrogenesis is indicative of activation of other proposed pathways by which MSCs heal tissues . The accurate placement of a Jamshidi needle into the medullary cavity of the 4-6th individual sternebrae facilitated by the use of ultrasonography is an optimised safe technique for obtaining bone marrow derived MSCs from the sternum of the Thoroughbred horses (Kasashima et al., 2011) .
In an equine model, delivery of bone marrow concentrate to cartilage defects has the clinical potential to improve cartilage healing, providing a simple, one-step, autogenous, cost-effective, arthroscopically applicable and clinically effective approach for cartilage repair (Fortier et al., 2010) .
Recently, genetically engineered MSCs can act as vehicles to deliver gene products into the joint. Intra-articular MSCs injection resulted in a moderate acute inflammatory joint response that was greater for allogeneic and xenogeneic MSCs than autologous MSCs. Clinical management of this response may minimize this effect (Pigott et al., 2013; Remacha et al., 2015) . Tissue engineering is proposed as the future direction of stem cell based therapy for osteoarthritis (Whitworth and Banks, 2014) .
PLATELET RICH PLASMA
Notably, PRP could be considered as one of the most worldwide clinical regenerative therapies used in equine. However, there is little information on the basic mechanisms by which PRP relieves pain and improves the joint function. Platelet Rich Plasma (PRP) preparations are a common treatment in osteoarthritis (OA) and synovitis. However, there is ambiguity concerning the ideal concentration of leukocytes and platelets in these preparations necessary to induce an effective anti-inflammatory and anabolic response in joint tissues.
Platelets are a rich source of growth factors, cytokines and chemokines, all of which are released during the early stages of reparative processes of tissue healing. Platelet Rich Plasma (PRP) is derived from centrifugation of whole blood after red blood cells and the buffy coat have been separated from the plasma, which is rich in platelets. The PRP enhances physiological processes of clotting and wound repair, thereby stimulating intrinsic tissue regeneration in which endogenous platelets are a vital component.
The PRP stimulate angiogenesis, proliferation and migration of fibroblasts, collagen synthesis and chemotaxis of macrophages, which are necessary for tissue healing. A series of growth factors participate in healing including, IGF-I and IGF-II, TGF-β1, FGF, VEGF, PDGF and Platelet Derived Epidermal Growth Factor (PDEGF) are released from the degranulation of alpha granules in the platelet cytoplasm following activation (Ricco et al., 2012) .
Not limited to stem cells, laser photoactivation is better than the traditional methods (CaCl 2 or thrombin) which activate only the platelet derived growth factors.
Some reports indicate the beneficial effect of PRP in horses with naturally occurring OA horses (Carmona et al., 2007; Pichereau et al., 2014) . Recently, the anti-inflammatory and anabolic joint responses of PRP depend on the leukocyte and platelet concentration of the PRP preparation and on the volume of this substance injected. Moreover, it is possible, that leukoreduced PRP preparations are more effective for the medical treatment of patients with OA and inflammatory synovitis (Rios et al., 2015b) .
The PRP is generally administered either as a sole agent or alternatively with other regenerative therapies. Injection of PRP with ADMSCs helped in proliferation and differentiation of stem cells into chondrocytes during treatment of osteoarthritis (Van Pham et al., 2013) .
The PRP provides a scaffold and growth factor concentrate that enhance the cellular repair of musculoskeletal lesions. The main advantages of PRP as a regenerative therapy are its autologous nature, rapid preparation and non invasive collection process (Alderman and Alexander, 2011; Textor, 2011) .
AUTOLOGOUS CONDITIONED SERUM (INTERLEUKIN RECEPTOR ANTAGONIST PROTEIN)
Autologous Conditioned Serum (ACS), known commercially as Interleukin Receptor Antagonist Protein (IRAP ® ) is a natural anti-inflammatory product used for treatment of many joint injuries. The ACS is produced from the horse's own blood and injected into the affected joint to treat inflammation and lameness and to help joint healing.
Osteoarthritis is characterized by local release of cytokines triggering the destruction of hyaline cartilage and its matrix. This leads to additional release of intracellular pro-inflammatory and destructive factors that promote further destruction of hyaline cartilage by causing an imbalance in matrix turnover (Wehling et al., 2007) .
Interleukin-1 (IL-1) is the major mediator of joint disease, play an important role in degenerative musculuskeletal diseases including osteoarthritis. Agents that inhibit the action of such cytokines have a high therapeutic potential in osteoarthritis (Meijer et al., 2003) .
One hypothesis is that the local IL-1 receptor antagonist (IL-1ra) concentration is too low in degenerative diseases to inhibit the destruction of cartilage and other joint structures. But to date, it is not clear that a complete blockage of all biologically active IL-1 receptors is necessary to significantly impact such pathologic conditions such as osteoarthritis or nerve inflammation. It is now evident that several natural and recombinant additional anti-inflammatory cytokines and soluble receptors which display differential dissociation rates for IL-1α, IL-1β and IL-1ra can affect IL-1 receptor signaling and inflammatory conditions (Wehling et al., 2007) .
The use of natural antagonist (Irap ® ) (aka autologous conditioned serum, ACS) to block IL-1 activity and decrease the progression of joint disease was evaluated (Wehling et al., 2007) . The injection of ACS into affected tissues has shown clinical effectiveness and safety for treatment of synovitis, capsulitis and mild to moderate osteoarthritis in animal models (Ricco et al., 2012) .
CONCLUSION
In conclusion, regenerative therapy is a promising future for treatment of osteoarthritis in equine practice and the research should continue in this subject in order to determine the efficacy, short-term and long-term safety, new techniques and regimens of such type of therapy in clinical cases of osteoarthritis in equine.
